Background: To investigate the prevalence of protocol registration (or development) among published doseresponse meta-analyses (DRMAs), and whether DRMAs with a protocol are better than those not. Methods: Three databases were searched for eligible DRMAs. The modified AMSTAR (14 items) and PRISMA checklists (26 items) were used to assess the methodological and reporting quality, with each item assigned 1 point if it met the requirement or 0 if not. We matched (1,2) DRMAs with registered or published protocol to those not, by region and publication years. The summarized quality score and compliance rate of each item were compared between the two groups. Multivariable regression was employed to see if protocol registration or development was associated with total quality score. Results: We included 529 DRMAs, with 45 (8.51%) completed protocol registration or development. We observed a higher methodological score for DRMAs with protocol than the matched controls (9.47 versus 8.58, P < 0.01); this embodied in 4 out of 14 items of AMSTAR [e.g., Duplicate data extraction (rate difference, RD = 0.17, 95% CI: 0.04, 0.30; P = 0.01). A higher reporting score (cubic transformed) for DRMAs with protocol than the matched controls was also observed (11,875.00 versus 10,229.53, P < 0.01); which embodied in 6 out of 26 items of PRISMA [e.g. Describe methods for publication bias (RD = 0.08, 95% CI: 0.01, 0.14; P = 0.02)]. Regression analysis suggested positive association between protocol registration or development and total reporting score (P = 0.012) while not for methodological score (P = 0.87). Conclusions: Only a small proportion of DRMAs completed protocol registration or development, and those with protocol were better reported than those not. Protocol registration or development is highly desirable.
Background
Systematic reviews and meta-analyses represent the highest level of evidence in the hierarchy of clinical evidence of medicine, and becoming increasingly popular in multiple domains [1] [2] [3] . Since 1986, over 30,000 systematic reviews and meta-analyses reports have been published, and the number continued to increase rapidly [4] .
The extensive growth however partly contributes to overlapping production of systematic reviews and unnecessary duplications [5] [6] [7] . The quality and value of such works has been questioned by the scientific community for causing confusions and research waste [4, 8] .
Great efforts have been expended to solve the problem [9, 10] . One important work is the launch of the international prospective registry platform (PROSPERO, https://www.crd.york.ac.uk/prospero/) of systematic reviews. Since then, a large number (more than 20,000 by 2016) of registrations were recorded and opened to the public [11] . Another important effort was the development of guidelines for systematic reviews, such as the PRISMA and PRISMA-P statements, which provided guidance for the conducting and reporting of systematic reviews and their protocols [10, 12, 13] . The prospective registration or publication of protocol of systematic reviews a priori is expected to be a valid way to reduce aforementioned research waste [14, 15] . This approach ensures a carefully documented plan before the systematic review starts [12, 13] and allows researchers to see which questions were already registered. It may be beneficial to the quality for the further implementation and reporting.
Dose-response meta-analysis (DRMA) is a type of meta-analysis investigating the dose-response relationship between an exposure and outcome of interest [16, 17] . It becomes popular since Greenland and Orsini published the classical generalized least squares for trend method [16, 17] . Given the aforementioned advantages, adherence to the established checklists for registration or development of protocol may play an important role for the quality of DRMA. This is essential that high quality and informative evidence is the foundation for healthcare decision. Nevertheless, no study had ever investigated the influence of this approach on DRMAs.
We conducted a cross-sectional study by collecting published DRMAs to investigate the prevalence of registration or development of protocol, and whether DRMAs with protocol registration or development were better than those not. The significances of current research are: 1) to verify the importance and realistic value of registration of systematic reviews and meta-analyses; 2) to strengthen the awareness of evidence quality for decision makers and guideline developers; 3) to enhance attention of registration for systematic review and meta-analysis authors.
Methods
We constructed our research as the following sections: we first searched the main literature databases for eligible DRMAs; the registration (or protocol) information was extracted and the eligible DRMAs were categorized into those registered (or with a protocol) and those not. A matching procedure was applied for DRMAs with protocol registration or development and those not to balance the baseline characteristics. The methodological and reporting quality were then assessed and compared between the registered (or with a protocol) and the matched DRMAs.
Eligibility criteria
We included dose-response meta-analysis (DRMA) of binary outcomes, without limitation on the design of original studies that included in a DRMA. A dose-response meta-analysis was defined as a form of meta-analysis that combines dose-response relationship between an independent variable (e.g. sleep duration) and an outcome variable (e.g. all-cause mortality) from similar studies [16] [17] [18] [19] [20] . This requires a within study dose-response relationship so that the traditional meta-regression were not covered [21] . To distinguish meta-analysis and pooled analysis, the term "meta-analysis" should contains thorough systematic review components, which has been defined by the Cochrane handbook [1] .
We did not include DRMA of continuous outcomes as very few such studies were available. We also excluded the following reports: studies specifically investigating methodology of such analyses; analyses based on individual patient data; and unpublished reports, conference abstracts and other forms of short reports (e.g. brief reports, letters).
Literature search
Medline (Ovid), Embase (Ovid), and Wiley online Library were searched from 1st-Jan-2011 to 31st-Dec-2015 without any language limitation (conducted in 31st-Dec-2015). An updated search was conducted in 1st-Aug-2017. We restricted such time period because very few DRMAs published before 2011. Studies were not included if it was published ahead of print. The search strategy was presented in appendix file (Additional file 1: Appendix 1). The process of literature search was conducted by one experienced author (X.C).
Study selection process
The study selection was conducted by two experienced, methods-trained authors (X.C and L.Y). One author (X.C) is the primary co-developer of the robust error meta-regression (REMR) model for dose-response meta-analysis [18] . The two authors initially screened titles and abstracts to exclude reports that explicitly failed to meet eligibility criteria. Then, they read the full texts to check against the eligibility criteria independently. Afterwards, they independently collected information from each eligible study, and assessed methodological and reporting quality of included DRMAs. For each of the step, the authors carefully cross-checked the collected data. Any disagreements were resolved through discussion.
Definition of scientific quality
The scientific quality of a systematic review or meta-analysis generally contains two components, which were the methodological quality and the reporting quality [10, 22] . The former one refers to the internal validity that reflects the design and conduct of a systematic review or meta-analysis, while the later reflects the reporting.
Data collection and quality assessment
We collected the following background information from each eligible DRMA: name of first author, departments of authors, region of first author, author numbers, year of publication, research topics, journal name, and funding information. We determined that a DRMA registered or with a protocol, if they provided a registration ID, an attachment protocol, or a web linkage of the protocol, which has been described in PRISMA checklist [10] . If a DRMA was registered at PROSPOERO and clinicatrials.gov, we treated it as PROSPERO which is specific for registration of systematic reviews. Those DRMAs claiming registered or developed a protocol, while failed to provide any details and cannot be obtained by our further attempt (searching the supplementary file and the websites of the institution of the first and corresponding author), were not treated as such.
Following a common approach [22] [23] [24] , we used the AMSTAR 1.0 checklist (Assess Methodological Quality of Systematic Reviews, AMSTAR) to assess the methodological quality and the PRISMA checklist (Preferred Reporting Items for Systematic Reviews and Meta-Analyses, PRISMA) to assess the reporting quality of included DRMAs [10, 25, 26] . We used AMSTAR 1.0 because version 2.0 was yet to be released in that period. For AMSTAR, we made slight modifications by disaggregating four items. For example, we changed the item "was there duplicate study selection and data extraction?" into two questions: was there duplicate study selection? and was there duplicate data extraction?. We removed the item "was an a priori design provided?", because this item specifically addresses the issue about our exposure of interest. These modifications resulted in 14 items (Additional file 1: Appendix 2).
For PRISMA, we also made slight modifications by removing the item "protocol and registration" as this item is our exposure of interest. As a result, the modified PRISMA checklist contained 26 items (Additional file 1: Appendix 2).
Matching between registered and control groups
Given the significantly imbalanced distribution in the geographic region and year of publication between DRMAs with protocol registration or development versus those not, we used propensity score matching method, with nearest neighbor approach, in a 1:2 ratio of the two types of DRMAs [27] . We divided geographic region as Asian and Non-Asian (European, America, and Australia) for the matching since previous literatures demonstrated that meta-analyses and randomized controlled trials by author from Asian tends to poorly conducted [4, 28] . We used 1:2 ratio due to the consideration of both the available sample size and the optimal matching (i.e. a 1:1 ratio may result in low power and a 1:3 ratio or more may lead to over-matching). The details of the matching process can be found in Additional file 1: Appendix 3.
Statistical analysis
We assigned one point to each of the items if the DRMA met the requirement or zero if not (we treated "unclear" as not), both for the AMSTAR and PRISMA checklists [21] . Thus the total scores were 14 and 26 points, respectively. The compliance rate of each of the item was used to show the extent of those DRMAs met methodological and reporting checklists.
In order to examine if the DRMAs with protocol registration or development would perform better on methodological and reporting quality than those not, we first compared the mean quality scores for AMSTAR and PRISMA between the registered and control group. We used t test for the comparison if the scores were normally distributed. Otherwise, we transformed the scores by the method of ladder of powers [29] , which would suggest a best approach to data transformation. The test for normality (Skewness-Kurtosis test) suggested that the AMSTAR total score was normally distributed (P = 0.37), but not the total score for PRISMA (P < 0.01). We subsequently used the cubic transformation for PRISMA total (normality test P = 0.32). The compliance rate of each item was compared by t test and measured with rate difference (RD).
Multivariable regression analysis was used to see if protocol registration or development was associated with better methodological and reporting quality after adjusting any imbalanced basic characteristics. Considering the potential influence of journals, a robust variance by treating each journal as a cluster, was added to address clustering (on the quality) of papers published in the same journal. All the analyses were conducted using R 3.4.2 and Stata 14.0 software with p < 0.05 as statistical significant.
Results
The search initially identified 7061 records. After exclusion of duplicate reports and screening of abstracts, 1306 were potentially eligible. Reading full texts against the eligibility criteria finally identified 529 eligible DRMAs (Fig. 1 ). Of these 529 DRMAs, 45 (8.51%) registered or developed a protocol. The proportion of protocol registration or development were 17.14, 18.18, 7.14, 5.13, 3.33, 5.88, and 16.67% from 2011 to 2017.
Among the 45 studies, 21 were funded by the World Cancer Research Fund UK with study protocols reported at the official website (https://www.wcrf-uk.org/), 19 were registered at the PROSPERO database (https://www. crd.york.ac.uk/prospero/), 3 provided a supplemented protocol, one on website (https://www.gov.uk/government/ groups/scientific-advisory-committee-on-nutrition), and one was registered at clinicaltrials.gov (https://clinicaltrials. gov/). When categorized by country, 26 were from UK, 7 from China, 3 from South Korea, 2 from Canada, 2 from Finland, 2 from Germany, 2 from Sweden, and 1 from the US. By propensity score matching, we included 90 DRMAs for comparison (Additional file 1: Appendix 4). Table 1 presented the basic characteristics of the two groups. The number of authors and proportion of using reporting checklists in the group of DRMAs with protocol registration and development were significant higher than the matched control group. Other basic variables were balanced for the two groups.
Methodological quality between registered and matched group Figure 2 outlined the methodological status of the two groups. In the group of DRMAs with protocol registration or development, the median score of AMSTAR was 9 (first to third quartile: 8, 11), and in the group of matched controls the median score was 9 (first to third quartile: 7, 10). The mean score of DRMAs with protocol registration or development [9.47; Standard deviation (SD): 0.29)] was higher (P < 0.01) than the matched group (8.58, SD, 0.20).
For each methodological item, a higher rate of DRMAs with protocol registration or development used duplicate data extraction (RD = 0.17, 95%CI: 0.04, 0.30; P = 0.01), documented the search strategy (RD = 0.33, 95% CI: 0.17, 0.50; P < 0.01), listed the studies of excluded (RD = 0.21, 95% CI: 0.04, 0.38; P = 0.02), and assessed the publication bias (RD = 0.11, 95% CI: 0.04, 0.18; P < 0.01) than the matched control group (Table 2) .
Simultaneously, a higher rate of DRMAs with protocol registration or development used the status of publication as an inclusion criterion (RD = 0.10, 95% CI: -0.07, 0.27; P = 0.25) and stated the conflicts of interests (RD = 0.07, 95% CI: -0.02, 0.16; P = 0.14) than matched control group, though statistically insignificant. However, for scientific quality assessment (risk of bias), a higher proportion was observed among the DRMAs in control group (RD = − 0.07, 95% CI: -0.25, 0.11; P = 0.46). There were no obvious rate differences for other items (Table 2) . • Not binary outcome (37)
• Methodology (17) • IPD Meta-analysis (10)
• Contains source study Reporting quality between registered and matched control group Figure 3 outlined the reporting status of the two groups.
In the group of DRMAs with protocol registration or development, the median score of PRISMA was 22 (first to third quartile: 22, 23), and in the group of matched controls the median score was 22 (first to third quartile: 21, 24). The mean cubic transformed score on group of DRMAs with protocol registration or development (12,967.13, SD: 2480.492) was (P < 0.01) higher than the matched control group (10,848.88, SD: 3224.55).
For each reporting item, we found a higher rate of DRMAs with protocol registration or development presented full electronic search strategy for at least one database (RD = 0.44, 95% CI: 0.29, 0.60; P < 0.01), described methods for publication bias (RD = 0.08, 95% CI: 0.01, 0.14; P = 0.02), presented the risk of bias across studies (i.e. publication bias, RD = 0.11, 95% CI: 0.04, 0.18; P < 0.01), discussed limitations at study and outcome level (RD = 0.09, 95% CI: 0.01, 0.17; P = 0.03), provided a general interpretation of the results (RD = 0.20, 95% CI: 0.08, 0.33; P < 0.01), and described sources of funding and other support (RD = 0.18, 95% CI: 0.07, 0.28; P < 0.01) than the matched controls (Table 2) .
Other items with higher compliance rate among DRMAs with protocol registration or development were: state the process of selecting studies (RD = 0.10, 95% CI: -0.06, 0.26; P = 0.23), describe method of data extraction (RD = 0.10, 95% CI: -0.03, 0.23; P = 0.12), and state the principal summary measures (RD = 0.07, 95% CI: -0.02, The score of AMSTAR [median (IQR)] 9 (8 to 11) 9 (7 to 10) ─
The score of PRISMA [median (IQR)] 22 (22 to 23) 22 (21 to 24) ─
A general journal means it published articles on all areas (e.g. plos one) or focus on whole medicine area (e.g. BMJ open). For specialist journal, we treat it as those publish articles only on a certain type of disease (e.g. cancer) or a certain body system (e.g. urology) IQR Interquartile range *Regions (Asian versus Non-Asian) and publish year were matched variables by propensity score 0.16; P = 0.14). No obvious rate difference was observed on other items (Table 2) .
Multivariable regression analysis
After adjusting the unbalanced covariates and clustering on journal in the multivariable regression model, we found that protocol registration or development in priori was significant associated with better reporting quality (β= 1446.66, P = 0.012) while not associated with methodological quality (β= 0.06, P = 0.88). A post hoc sensitivity analysis was conducted by excluding 3 DRMAs only provided a supplemented protocol (as well as the 6 matched DRMAs), considering that supplemented protocol does not ensure that it was developed a priori. The results did not showed substantial changes [reporting quality (β= 1366.186, P = 0.031); methodological quality (β= − 0.03; P = 0.93)].
Discussion
To the best of our knowledge, this is the first research described the proportion of protocol registration (or development) of dose-response meta-analyses (DRMAs) as well as the first research compared the methodological and reporting quality of DRMAs with protocol registration or development to those not. In this study, we found that only 8.51% of the published DRMAs registered or provided a protocol, while these DRMAs have higher compliance rate on some methodological/ reporting items and better total reporting quality than those without a protocol.
There were some differences of our results to an earlier research [24] . In the study, the quality of Cochrane systematic reviews (all requires a protocol) and reviews published in paper-based journals were compared [24] , and higher methodology rigors (instead of reporting) of Cochrane systematic reviews were observed. A more recent survey suggested that prospective registration may improve the overall methodological quality of systematic reviews of randomized controlled trial [30] . However, in our study, we only observed a significant improvement on total reporting quality while not for methodological quality. This is likely due to the different types of meta-analysis we aimed at.
Based on our results, for DRMAs failed to provide a protocol, the under complied methodological items were: few of them employed duplicate data extraction, documented the search strategy, documented the scientific quality, and listed the studies of excluded. While the under complied reporting items were: few of them presented full electronic search strategy, stated the process of for selecting studies, described methods for assessing risk of bias within each study, and presented the data on risk of bias of within each study. For both groups, the scientific quality of included studies were seldom documented, this subsequently result in the failing of applying the scientific quality to formulate conclusions.
The AMSTAR and PRISMA checklists were widely used to assess methodological and reporting quality of systematic reviews and meta-analyses [30, 31] . The AMSTAR was first released in 2007 that was of two [10, 26] . In our research, the PRISMA checklist was generally better complied than the AMSTAR (See Figs. 2 and 3 ). This may partly due to the promotion of academic journals, as a large number of journals require the submissions should in accordance with the PRISMA checklist. The phenomenon however may reflect a serious issue -the lack of focus on methodology of systematic reviews and meta-analyses. Our findings suggested that even for DRMAs with a protocol, many of the methodological items were poorly conducted. It is expected more attention should be paid to the methodology of systematic reviews and meta-analyses in the future. The findings of current research have verified the importance of protocol development or registration of systematic reviews and meta-analyses. Protocol may benefits healthcare decision in two aspects. First, evidence is the key body for evidence based practice, and a prior registration of systematic reviews and meta-analyses Fig. 3 The radar chart of item-based compliance rate for reporting quality benefits the evidence production that further help to better healthcare decision. In addition, a prior registration may make sense to improve the efficiency of decision making given the potential role on reducing overlapped evidence production.
There were some strengthens of current research that help to enhance the credibility of our results. We adopted a comprehensive and up-to-date search, where we almost included all potential published DRMAs during the past 7 years. We employed the 1:2 matching by propensity score method and multiple regression to control the potential confounders on our results. We blinded the process of quality assessment to avoid objective bias. However, several limitations should not be ignored. In this article, we did not take account for the correlation between AMSTAR and PRISMA. Actually, these two checklists are highly correlated since some items of them were overlapped or even the same. We did not mix them together because we believe that comparing methodological quality and reporting quality separately is of more practical significance. In addition, AMSTAR and PRISMA are currently the optimal tools to reflect the quality of systematic reviews, yet it is impossible for them to cover all of the domains. Our results highly rely on the validity and reliability of the two checklists. Third, we failed to distinguish the potential heterogeneity among different registration methods (e.g. PROSPERO, documented protocol) due to the limited numbers of DRMAs with protocol. Fourth, the information of protocol registration or development was collected based on the reporting of these published DRMAs, it is possible that a small amount of DRMAs may publish a protocol in advance but not mentioned in the final context, which would lead to selective bias for our results. Fifth, for DRMAs with protocol registration or development, many of which shared the same first author that may influence the representativeness.
Conclusions
Based on the current survey, only a small proportion of published DRMAs completed protocol registration or development and the methodological quality of these DRMAs is suboptimal. DRMAs with a protocol had better reporting quality and higher compliance rate of several methodological quality related items than those not. Therefore, protocol registration or development may benefit for evidence based practice that is highly desirable for all DRMAs.
